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(54) PLASMA TREATMENT APPARATUS AND PLASMA TREATMENT METHOD 



(57) The plasma processing apparatus and plasma 
processing method of the present invention are suitable 
for the application of plasma processing to etching, ash- 
ing, CVD, etc. in the manufacturing of large scale inte- 
grated circuits (LSIs) and liquid crystal display panels 
(LCDs), and useful for the manufacturing of LSIs and 
LCDs. The apparatus is characterized in that the reac- 
tion chamber has its side wall separated into an inner 
side wall which faces to the interior of the reaction 
chamber and an outer side wall which faces to the exte- 
rior of the reaction chamber, with the inner side wail 
being isolated electrically from other portions of the 
reaction chamber and not grounded electrically. This 
structure improves the repeatability of plasma process- 
ing. The apparatus is also characterized in that the inner 
side wall of reaction chamber is isolated thermally from 
other portions of the reaction chamber and equipped 
with temperature control means. This structure 
improves the temperature control performance for the 
inner side wall and also improves the maintainability of 
the apparatus. 
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Description 

Technical Field of the Invention 

The present invention relates to a plasma process- s 
ing apparatus and plasma processing method using the 
apparatus, the apparatus and method being applied to 
processes of etching, ashing, chemical vapor deposi- 
tion (CVD), etc. in the manufacturing of large scale inte- 
grated circuits (LSIs) and liquid crystal display panels 
(LCDs). 

Background Art of the Invention 

Plasma processing apparatus are used widely in 
the manufacturing of LSIs, LCDs, etc. The plasma 
processing apparatus carry out processes of etching, 
ashing, CVD, etc. based on the formation of plasma of 
reactive gases. Particularly, the dry etching technique 
using plasma is an indispensable fundamental tech- 
nique for the manufacturing processes of LSIs, LDCs, 
etc. 

The recent manufacturing of LSIs, LCDs, etc. uses 
larger silicon wafers and glass substrates, and the gen- 
eration of uniform plasma in a wide area is required 
intensively. In regard to the dry etching technique and 
embedment technique for thin film formation, it is 
required to control plasma generation and ion energy in 
plasma independently. 

In order to satisfy these requirements, the applicant 
of the present invention has already proposed a plasma 
processing apparatus which can generate plasma uni- 
formly in a wide area and also can control the ion 
energy (refer to Japanese patent publication JP-A-He- 
5-144773). The proposed apparatus has the structure in 
which the ceiling section of the reaction chamber is air- 
tightly sealed with a dielectric plate having the micro- 
wave transmissMty (will be termed "microwave window" 
hereinafter), a dielectric substance layer in which the 
microwave is propagated is provided above the micro- 
wave window, and a radio frequency (RF) voltage can 
be applied to the sample stage. 

Based on the adoption of the above-mentioned 
structure, this apparatus can propagate the microwave 
flatty in the dielectric substance layer. Accordingly, by 
increasing the area of the dielectric substance layer and 
microwave window, it is readily possible to generate 
plasma uniformly in a large area of the reaction cham- 
ber. With the application of RF voltage to the sample 
stage in the reaction chamber, an electrical circuit is 
formed between the sample stage and the grounded 
section through the plasma, and a bias voltage can be 
generated on the sample surface. This apparatus can 
control the ion energy of plasma based on the bias volt- 
age. Namely, based on the generation of plasma mainly 
by the microwave and the control of plasma ion energy 
mainly by RF voltage, it is possible to control plasma 
generation and plasma ion energy independently. 



However, this apparatus cannot generate a stable 
bias voltage on the surface of a sample placed on the 
sample stage in some plasma processing condition, in 
which case the control of ion energy will be difficult. For 
example, the etching process for oxide films cannot be 
done at a satisfactory repeatability, and moreover etch- 
ing does not progress or a thin film deposits on the sam- 
ple in some cases. 

On this account, the applicant of the present inven- 
tion has proposed an apparatus which is capable of 
controlling the ion energy stably (refer to Japanese pat- 
ent publication JP-A-He-6-1 04098). 

Fig.1 shows a vertical cross-section of the pro- 
posed plasma processing apparatus which is intended 
to perform the ion energy control stably. The apparatus 
is provided, on the microwave window 14 on the interior 
side of the reaction room 12, with a counter electrode 21 
which is grounded electrically. The counter electrode 21 
is a metallic plate of aluminum (A1), etc., and it has a 
microwave entry hole 21 a for introducing the microwave 
into the reaction room 12. 

The proposed apparatus shown in Fig.1 is charac- 
terized to have the grounded counter electrode 21 dis- 
posed near the microwave window 14, where most of 
plasma is generated, to confront the sample stage 15. 
This electrode disposition stabilizes the plasma poten- 
tial at the application of RF voltage to the sample stage 
1 5, producing a stable bias voltage on the surface of the 
sample S. Consequently, it becomes possible to control 
the ion energy of plasma so that the surface of the sam- 
ple S is exposed to ion of appropriate energy. 

Fig.2 shows a detail of portion A of the apparatus 
shown in Fig.1 , i.e., the side wall section of the reaction 
chamber. The counter electrode 21 is grounded electri- 
cally through the side wall section of the reaction cham- 
ber 11. Provided on this section are a heater 27 and 
another heater 31 , by which the side wall of the reaction 
chamber 1 1 and the counter electrode 21 are heated to 
the specified temperatures. 

However, in this structure of apparatus, the side 
wall of the reaction chamber is also grounded electri- 
cally, and therefore the side wall can possibly work as a 
grounded electrode for the sample stage having the 
application of RF voltage. On this account, the state of 
RF voltage application between the counter electrode 
and sample stage and between the side wall of reaction 
chamber and sample stage may vary, resulting possibly 
in a significant degradation of repeatability of plasma 
processing. For example, in the case of etching Si0 2 on 
the surface of a silicon wafer, the distribution of etching 
rate across the sample surface may deteriorate 
abruptly. 

it is important for various plasma processings to 
maintain the specified temperature of the inner side wall 
of the reaction chamber under temperature control. For 
example, the above-mentioned Si0 2 etching uses fluor- 
ocarbon (CxFy) gas, and it is necessary to gather film 
formation seeds, which are created by the decomposi- 
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tion in plasma, to the sample surface in order to improve 
the selection ratio to the Si undercoat film. On this 
account, the sample is cooled by cooling the sample 
stage, while the side wall of the reaction chamber is 
heated to 1 50°C to 200°C, under temperature control. 5 

Since the apparatus of the above-mentioned 
arrangement is subjected to temperature control for the 
entire side wall of the reaction chamber, the heat pro* 
duced by the control diffuses to the entire reaction 
chamber. Therefore, the temperature control for the 10 
inner side wall, on the other hand, is inefficient and 
insufficient. Moreover, the temperature control based on 
heating heats up the outer side (facing to the atmos- 
phere) of the reaction chamber, making it difficult the 
access to the apparatus for the maintenance. is 

Summary of the Invention 

The present invention is intended to resolve the 
foregoing problems, and its primary object is to provide 20 
a plasma processing apparatus and plasma processing 
method capable of stabilizing the plasma processing 
thereby to improve the repeatability of processing, and 
its secondary object is to improve the temperature con- 
trol for the side wall of the reaction chamber and 25 
improve the maintainability of the apparatus. 

The plasma processing apparatus of the present 
invention comprises means of supplying a microwave, a 
reaction chamber, a microwave window provided in the 
ceiling section of the reaction chamber, a sample stage 30 
disposed in the reaction chamber to confront the micro- 
wave window, means of applying RF voltage to the sam- 
ple stage, and a counter electrode which is located near 
the microwave window to confront the sample stage and 
grounded electrically, wherein the reaction chamber has ss 
its side wall separated into an inner side wall which 
faces to the interior of the reaction chamber and an 
outer side wall which faces to the exterior of the reaction 
chamber, with the inner side wall being isolated electri- 
cally from other portions of the reaction chamber and 40 
not grounded electrically. 

The plasma processing method of the present 
invention comprises the operational steps of introducing 
a microwave into a reaction chamber in which process- 
ing gas has been fed, thereby causing the gas to form 45 
plasma, and applying RF voltage to a sample stage on 
which a sample is placed thereby to produce a bias volt- 
age on the sample surface, so that the sample is 
exposed to ion, wherein the inner side wall of reaction 
chamber which faces to the interior of the reaction so 
chamber is isolated electrically from other portions of 
the reaction chamber and not grounded electrically. 

The adoption of these plasma processing appara- 
tus and plasma processing method eliminates the dis- 
persion of RF power from the sample stage toward the ss 
side wail of reaction chamber, which event has been 
encountered by the conventional apparatus, thereby 
attaining the effective application of RF voltage between 



the counter electrode and sample stage. Consequently, 
the bias voltage produced on the sample surface by the 
application of RF voltage is stabilzed, and the repeata- 
bility of plasma processing is improved. 

The inventive plasma processing apparatus is in 
addition characterized in that the reaction chamber has 
its inner side wall isolated thermally from other portions 
of the reaction chamber and equipped with temperature 
control means. 

The inner side wall of reaction chamber can have 
efficient and stable temperature control owing to the 
control which is exclusive to other portions. The temper- 
ature variation of the outer side wall (facing to the 
atmosphere) of the reaction chamber caused by the 
temperature control for the inner side wall is alleviated, 
and the maintenance problem is resolved. 

The above-mentioned structure is particularly suita- 
ble for an apparatus having its counter electrode pro- 
vided to exist only in the rim section of the microwave 
window inside the reaction chamber, e.g., an apparatus 
having an annular counter electrode. 

The apparatus having such a counter electrode 
alleviates the problem of the sticking of particles to the 
sample and the metallic contamination owing to the 
absence of electrode over the sample stage, but on the 
other hand, it is liable to suffer from increased disper- 
sion of RF power from the sample stage to the side wall 
since the counter electrode does not directly confront 
the sample stage. The above-mentioned structure is 
intended to alleviate the dispersion of RF power from 
the sample stage to the side wail of the reaction cham- 
ber, and the pronounced effectiveness is proved by the 
apparatus. 

The plasma processing method of the present 
invention is in addition characterized in that the inner 
side wall of the reaction chamber is equipped with indi- 
vidual temperature control means and isolated ther- 
mally from other portions of the reaction chamber. 
Consequently, the inner side wall is rendered the effi- 
cient and stable temperature control, and the tempera- 
ture variation of the outer side wail (facing to the 
atmosphere) of the reaction chamber caused by the 
temperature control for the inner side wall is alleviated, 
resulting in an improved maintainability of the appara- 
tus. 

Brief Description of the Drawing Figures 

Fig.1 is a vertical cross-sectional view of the 
plasma processing apparatus proposed in the past; 
Fig.2 is an enlarged view of portion A of the appa- 
ratus shown in Fig. 1 , i.e., the side wall section of the 
reaction chamber; 

Fig.3 is a vertical cross-sectional view of the 
plasma processing apparatus based on an embod- 
iment of the present invention; 
Fig.4 is an enlarged view of portion B of the appa- 
ratus shown in Fig.3, i.e.. the side wall section of the 
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reaction chamber; 

Fig.5 is a vertical cross-sectional view of the 
plasma processing apparatus based on another 
embodiment of the present invention; 
Fig.6 is an enlarged view of portion C of the appa- s 
ratus shown in Fig.5, i.e., the side wall section of the 
reaction chamber; 

Fig.7 is a vertical cross-sectional view of the 
plasma processing apparatus based on still another 
embodiment of the present invention; and 10 
Rg.8 is an enlarged view of portion D of the appa- 
ratus shown in Rg.7, i.e., the side wall section of the 
reaction chamber. 

Detailed Description of the Invention is 

The plasma processing apparatus of the present 
invention will be explained in detail. 

Fig. 3 shows a vertical cross-section of the plasma 
processing apparatus based on an embodiment of the 20 
present invention. The apparatus has a cuboidal reac- 
tion chamber 1 1 which is made of metal such as alumi- 
num or stainless steel. The reaction chamber 1 1 has a 
reaction room 12 in it The reaction chamber 1 1 is cov- 
ered atop with a microwave window 1 4 and an O-ring so 25 
that it is airtightly sealed. The microwave window 14 is 
made of a dielectric substance, such as quartz glass 
(SiO^ or alumina (Al 2 0 3 ), having a high thermal durabi- 
ity, high microwave transmissivity, and small dielectric 
loss. 30 

Disposed over the microwave window 14 is a die- 
lectric substance layer 36, which is overlaid with a 
metallic plate 37 of aluminum, etc. The dielectric sub- 
stance layer 36 is connected to a microwave generator 
39 through a waveguide 38. The dielectric substance 35 
layer 36 is made of material having a small dielectric 
loss, e.g., fluorine resin, polyethylene or polystyrene. 
The microwave frequency is 2.45 GHz for example. 

Disposed in the reaction room 12 at the position 
confronting the microwave window 1 4 is a sample stage to 
1 5, on which a sample S is placed. The sample stage 1 5 
has a chuck mechanism such as an electrostatic chuck 
(not shown) for holding the sample S and a fluid circulat- 
ing mechanism (not shown) for circulating a thermal 
medium for maintaining the sample S at a constant tern- 45 
perature. The sample stage 15 is connected to a RF 
voltage source 40, which is tuned to 400 kHz,2 MHz, 
13.56 MHz, etc. 

The sample stage 15 is fixed to a base 16, while 
being insulated from the reaction chamber 1 1 by an so 
insulating member 18, and surrounded by a plasma 
shielding member 17. The sample stage 15 is formal of 
an electrode main body, with molten alumina being 
sprayed on its surface, with the intention of providing a 
function of electrostatic chuck. The insulating member 55 
18 and plasma shielding member 17 are made of alu- 
mina. The reaction chamber 11 has the formation of a 
gas feed duct 19a for feeding gas into the reaction room 



1 2 and an evacuation port 20 which communicates with 
an evacuation device (not shown). 

The microwave window 14 is provided on the lower 
surface thereof with a counter electrode 21 which has a 
number of rectangular microwave entry holes 21a. The 
counter electrode 21 is grounded electrically by way of 
the reaction chamber 11, and it serves as grounded 
electrode against the sample stage 15 to which RF volt- 
age is applied. The counter electrode 21 is made of sili- 
con (Si), aluminum, etc., and it is equipped with a heater 
31. 

Fig.4 shows a detail of portion B of the apparatus 
shown in Fig.3, i.e., the side wall section of the reaction 
chamber. The side wall of the reaction chamber 11 is 
mainly made up of an inner side wall 1 1a and an outer 
side wail 1 1b. The inner side wall 11 a is made of alumi- 
num, etc. coated on its interior surface with an anti-cor- 
rosion oxide film. The opposite surface, which faces the 
outer side wall 1 1b, of the inner side wall 11a may also 
be coated with the anti-corrosion oxide film so as to 
enhance the electrical separation between the inner 
side wall 11a and outer side wall 11b. The outer side 
wall 1 1b is made of aluminum, stainless steel, etc. 

The inner side wall 1 1 a and outer side wall 1 1 b are 
isolated electrically and thermally from each other by 
separation means 23 and 25. These separation means 
are made of teflon (registered trademark) or ceramics 
such as alumina having a high electrical resistivity, low 
thermal conductivity and good fabricability. For the air- 
tight sealing of the reaction room 12, the inner side wall 
11a and outer side wall 1 1b are provided with insulator 
0-rings 24 and 26 of fluorine rubber, kalrez (registered 
trademark), etc. The outer side wall 11b is grounded 
electrically, while the inner side wall 1 1a is not. 

The inner side wall 11a has a buried heater 27 so 
that it can undergo temperature control based on heat- 
ing. A cooling space 28 is formed between the inner 
side wall 11a and outer side wall 11b, with N 2 gas for 
example being fed into it from a cooling gas feed duct 
30a and evacuated through an evacuation port 30b, so 
as 

to alleviate the temperature rise of the outer side 
wall 11b. Processing gas is introduced from the gas 
feed duct 19a, and it is led into the reaction room 12 
through a number of gas inlets 19b aligning around the 
inner side wall 11a. The inner side wall 11a and outer 
side wall 1 1b are interposed by an insulator O-ring 33, 
by which a gas feed space is formed around the inner 
side wall 11a. 

The method of plasma processing on the surface of 
a sample S by use of the plasma processing apparatus 
arranged as described-above will be explained with ref- 
erence to Fig.3. 

(D The sample stage 15 is kept at a prescribed 
temperature, and the inner side wall 11a of the 
reaction chamber 1 1 is heated to a prescribed tem- 
perature in advance. 
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® Residual gas in the reaction room 12 is evacu- 
ated through the evacuation port 20, and process- 
ing gas is fed into the reaction room 12 through the 
gas feed duct 19a and inlets 19b. 
® The microwave generator 39 is activated to sup- 5 
ply the microwave to the dielectric substance layer 
36 through the waveguide 38. An electric field of 
plane wave is formed in the space 35, and the elec- 
tric field penetrates into the reaction room 12 
through the microwave window 14, causing the gas 
to form plasma. 

© Virtually simultaneously to the plasma genera- 
tion, the RF voltage source 40 is activated to apply 
RF voltage to the sample stage 15, thereby produc- 
ing a bias voltage on the surface of the sample S. 
The sample S is exposed to ion of plasma, while ion 
energy is controlled by the adjustment of bias volt- 
age, and the sample S is processed. 

RF voltage is applied to the sample stage 15, with 
the counter electrode 21 being grounded electrically 
and the inner side wall 11a being not grounded, and 
therefore RF voltage is applied efficiently between the 
sample stage 15 and counter electrode 21, so that the 
resulting bias voltage is stabilized thereby to improve 
the repeatability of plasma processing. 

The inner side wail 11a is thermally isolated from 
other portions of the reaction chamber 1 1 based on the 
formation of the cooling space 28, and therefore it is 
rendered the efficient and stable temperature control 
exclusively. The outer side wail (facing to the atmos- 
phere) of the reaction chamber is prevented from heat- 
ing up. and it is free from the maintenance problem. 

This plasma processing apparatus is suitable for 
such a process as etching of silicon oxide (SiCy films in 
which control of ion is especially crucial. Although the 
apparatus of this embodiment shown in Figs.3 and 4 is 
designed to heat the inner side wall 1 1a with the heater 
27, an alternative design is to provide the inner side wall 
11a with a thermal medium circulating path so that the 
wall can be heated and also cooled. 

Fig.5 shows a vertical cross-section of the plasma 
processing apparatus based on another embodiment of 
the present invention. The apparatus has an annular 
counter electrode 21 having nonexistent central portion 
immediately above the sample S. Only other difference 
from the preceding embodiment is the use of combined 
members for the separation between the inner side wall 
and outer side wall of the reaction chamber. 

Fig.6 shows a detail of portion C of the apparatus 
shown in Fig.5, i.e., the side wall section of the reaction 
chamber. The annular counter electrode 21 is provided 
on its outer edge section with an electrode rim insulat- 
ing plate 22 of alumina, quartz, etc., and also equipped 
with a buried heater 31. Separation means 23 and 25 
between the inner side wall 1 1a and outer side wall 11b 
include a combined member made up of a teflon pack- 
ing 23a and O-rirtg 23b and another combined member 



made up of a teflon packing 25a and O-ring 25b. The 
packings 23a and 25a may be made of such ceramics 
as alumina, instead of teflon. 

The use of the combined members including the 
resilient O-rings enables the separation means to be fit- 
ted evenly between the inner side wall 11a and outer 
side wall 11b. Consequently, the fbw of heat between 
the inner side wall 1 1 a and outer side wall 1 1b can eas- 
ily be made even along the separation means, and the 
temperature distribution around the inner side wall 1 1a 
can easily be made even. 

The apparatus shown in Fig.5 can achieve the 
effective RF voltage application between the counter 
electrode 21 and sample stage 15 based on the inner 
side wall 1 1a being not grounded electrically, despite of 
the counter electrode 21 which exists only in the outer 
rim section of the microwave window 14. Consequently, 
it is capable of improving the repeatability of plasma 
processing as well as the apparatus shown in Rg.3. In 
addition, it performs the efficient and stable temperature 
control for the inner side wail 1 1 a and alleviates the tem- 
perature variation of the outer side wall 11b (facing to 
the atmosphere) so that the maintenance difficulty is 
dissolved. 

Fig.7 shows a vertical cross-section of the plasma 
processing apparatus based on still another embodi- 
ment of the present invention, and Fig. 8 shows a detail 
of portion D of the apparatus shown in Fig.7, i.e., the 
side wall section of the reaction chamber. 

The counter electrode 21 is formed as an integral 
part of the outer side wall 1 1b so that the structure is 
simple as shown in Fig.7, in contrast to the counter elec- 
trodes 21 shown in Fig.3 and Fig.5 that are designed to 
be detachable. In case a heater 27 is equipped for the 
inner side wall 1 1a of the reaction chamber, the heater 
wire will behave to disperse RF power, and therefore it 
is desirable to use such a matching circuit or a isolation 
circuit as a RF cutoff filter thereby to prevent the disper- 
sion. 

Industrial Applicability 

The plasma processing apparatus and plasma 
processing method of the present invention are capable 
of eliminating the dispersion of RF power from the sam- 
ple stage toward the side wall of reaction chamber, 
which event has been encountered by the conventional 
apparatus, based on the electrical isolation of the inner 
side wall of reaction chamber and based on the inner 
side wall being not grounded. Consequently, the appa- 
ratus and method can achieve the effective RF voltage 
application between the counter electrode and sample 
stage, stabilizing the bias voltage which is produced on 
the sample surface by this voltage application and 
accordingly improving the repeatability of plasma 
processing. 

The inner side wall, which is equipped with its own 
temperature control means, is isolated thermally from 
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other portions of the reaction chamber, and this struc- 
ture improves the temperature control performance for 
the inner side wail which confronts the reaction cham- 
ber and also improves the maintainability of the appara- 
tus. 

Accordingly, the plasma processing apparatus and 
plasma processing method of the present invention are 
suitable for the application of plasma processing to 
etching, ashing, CVD, etc. in the manufacturing of large 
scale integrated circuits (LSIs) and liquid crystal display 
panels (LCDs), and useful for the manufacturing of LSIs 
and LCDs. 



10 



chamber has its inner side wall, which faces to 
the interior of said reaction chamber, isolated 
electrically from other portions of said reaction 
chamber and not grounded electrically. 

A plasma processing method according to claim 4, 
wherein said inner side wall of said reaction cham- 
ber is isolated thermally from other portions of said 
reaction chamber and subjected to temperature 
control. 



Claims 

1 . A plasma processing apparatus comprising: 

means of supplying a microwave; 
a reaction chamber; 

a microwave window provided in the ceiling 
section of said reaction chamber; 
a sample stage disposed in said reaction 
chamber to confront said microwave window; 
means of applying RF voltage to said sample 
stage; and 

a counter electrode which is located near said 
microwave window to confront said sample 
stage and grounded electrically, wherein said 
reaction chamber has its side wall separated 
into an inner side wall which faces to the inte- 
rior of said reaction chamber and an outer side 
wall which faces to the exterior of said reaction 
chamber, with said inner side wall being iso- 
lated electrically from other portions of said 
reaction chamber and not grounded electri- 
cally 

2. A plasma processing apparatus according to claim 
1 , wherein said inner side wall of reaction chamber 
is isolated thermally from other portions of said 
reaction chamber and equipped with temperature 
control means. 
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3. A plasma processing apparatus according to claim 
1 or 2, wherein said counter electrode is provided to 
exist in the rim section of said microwave window 
inside said reaction chamber. 

4. A plasma processing method comprising the oper- 
ational steps of: 

introducing a microwave into a reaction cham- 
ber in which processing gas has been fed, 
thereby causing the gas to form plasma; and 
applying RF voltage to a sample stage on 
which a sample is placed thereby to produce a 
bias voltage on the sample surface so that said 
sample is exposed to ion, wherein said reaction 
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